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System  (Shuttle)  for  launrh  anil  retrieval.  This  sup|)ort  system  is  ilesittneil  to 
iperate  i n'iefrm.lent  1  v  of  both  the  STS  ami  uroumi  stations,  ther-efore,  stores 
lata  rather  than  transmitting  i  hem  by  teletnetrv.  Antjular  pointing  is  the  only 
itianenver  planne  1;  no  pro|)ulsion  is  ilesitjneil  into  'his  system. 


DD 


ED'^'IONO^  'NOV*>^tSO0SOLCTF 


_ I '  1  [£)  2 '  i  _ 

(,f  ijf»i  T  V  Cl  j*  rt':A’lON  "5^  f>«f« 


1 


The  author  would  Like  to  thank  the  Air  Force  Office  of  Scientific  Research  and 
the  Southeastern  Center  for  Electrical  Engineering  Flducation  for  providing  him 
with  the  opportunity  to  spend  a  very  worthwhile  and  interesting  summer  at  the 
Air  Force  Geophysics  l.aboratory,  Hanscom  AFB,  Massachusetts.  He  would  like 
to  acknowledge  the  laboratory,  in  particular  the  Sounding  Hocket  Branch  for  its 
hospitality  and  excellent  working  conditions.  Finally,  he  would  like  to  thank 
Mr.  Edward  F.  McKenna  for  suggesting  this  area  of  investigation  and  for  his 
guidance  and  collaboration.  The  author  would  also  like  to  acknowledge  many  help¬ 
ful  discussions  with  Jack  Clriffin,  Russell  Steeves,  Ray  Wilton,  William  Miller, 
Roger  Jacobs,  Kenneth  Walker,  and  several  other  members  of  the  staff  and  the  help 
of  Dottie  Boisvert  in  typing  this  report. 


{ 


1 


Contents 


1.  INTRODUCTION 

2.  OBJECTIVES 

3.  GENERAL  CHARACTERISTICS  B 

4.  FLIGHT  DURATION  8 

5.  SCIENTIFIC  DATA  AND  SUPPORT  DATA  R EQUI REAl ENTS  9 

6.  SUGGESTED  DATA  STORAGE  SYSTEM  0 

7.  ATTITUDE  CONTROL  SYSTEM  (ACS)  i- 

8.  SYSTEM  POWER  REQUIREMENT  13 

9.  SUGGESTED  POWER  SYSTEM  14 

10.  SOME  MECHANICAL  DETAILS  16 

11.  PROPOSED  SEQUENCE  OF  EVENTS  IN  A  FLIGHT  17 

12.  1  EST  AND  EXPERIMENT  MODES  H 

13.  RECOM.MENDATIONS  30 


BIBLIOGRAPHY 


23 


Orbiting  Geophysics  Laboratory  Experiment 


I.  iM'Koni  aioN 

Witli  the  Sf>ace  Transpoi’tation  System  (Shuttle)  beginning  its  operational  ac¬ 
tivity,  there  is  the  practical  opportunity  of  performing  space  experiments  lasting  up 
to  a  few  days.  A  normal  STS  flight  may  last  7  days,  which  is  a  very  long  time  com- 
oareil  with  the  typical  l5-min  flight  time  of  a  sounding  rocket. 

Several  different  techniques  may  be  implemented  to  utilize  the  STS  for  scien¬ 
tific  experiments.  One  technique  aiming  to  avoid  space  contamination  caused  by 
the  STS  itself  is  to  place  the  experiments  in  free  space  outside  of  and  away  from 
the  STS.  A  small  package  could  be  left  detached  from  the  STS  for  a  long  time,  up 
to  a  few  days,  and  retrieved  by  the  STS  for  return  to  Earth.  This  report  examines 
m  some  detail  this  particular  technique. 


2.  OHJECTIVE.S 

The  main  objective  of  this  project  was  to  investigate  the  technical  and  economic 
leasibility  of  builiiing  a  space  platform  to  be  utilized  as  a  support  system  for  AFGL 
space  experiments. 

Detailed  objectives  of  this  investigation  were; 


(lleceiveii  for  publication  15  October  1!)82) 


(a)  Flight  duration, 

(b)  Data  telemetry  vs  data  recording, 

(c)  Attitude  control  system, 

(d)  Power  supply. 

In  this  investigation  many  decisions  related  to  our  objectives  had  to  be  taken 
by  extrapolation  from  previous  experience  resulting  from  sounding  rocket  flights 
and  by  applying  engineering  judgment 

3.  GE>F.RAL  CHARACTERISTICS 

This  platform  is  to  be  designed  as  a  free-flying  support  system  for  scientific 
experiments.  The  STS  must  supply  mechanical  support  and  transportation,  deploy¬ 
ment  i  '  orbit,  and  retrieval  by  means  of  the  Remote  Manipulator  System.  The 
mission  is  envisioned  in  this  way;  when  the  STS  is  in  orbit,  the  crew  must  activate 
an  automatic  test  of  the  platform  by  a  radio  link  switch  and  watching  a  Yes-No 
response  before  deployment;  after  this  simple  test,  the  STS  crew  may  deploy  the 
platform  in  orbit  and  then  by  radio  link  activate  the  experiment  mode.  The  remain¬ 
ing  action  required  of  the  STS  crew  is  experiment  turn-off  by  radio  link,  retrieval 
from  orbit,  and  stowage  into  the  STS  payload  bay.  This  minimal  dependence  on  the 
STS  should  allow  for  a  wide  range  of  experiments  and  offer  a  rapid  response  to 
opportunities  for  flight.  Safetv  considerations  should  be  present  at  ev'ery  step  of 
the  design.  This  means  tliat  only  manned  flight-rated  component  units  should  be 
used  sinc;e  testing  a  non-ratod  unit  is  a  long,  complicated,  and  expensive  procedure. 

The  probable  cost  of  a  reusable  support  system  seems  to  be  lower  than  that 
of  non-reusable  packages  even  if  it  is  difficult  at  this  time  to  determine  exact  fig¬ 
ures  and  the  break-even  point.  Low  cost  of  the  platform  is  a  very  general  design 
objective  that  has  to  bo  considered  at  each  step  by  applying  engineering  judgment 
based  on  previous  experienc  e  from  sounding  rockets. 

4.  EI.IGIIT  1)1  RATION 

In  order  to  offer  a  substantial  advantage  with  respect  to  a  sounding  rocket,  it 
is  clear  that  our  space  siuiport  svstem  must  be  capable  of  operating  for  the  major 
fiart  of  can  SI'S  flight,  that  is  approximately  seven  days.  Experiment  support  and 
housf'keening  must  be  available  for  this  length  of  time,  offering  to  the  scientists 
the  practii-al  possibility  of  long  experiments.  .Also,  several  different  experiments 
(  an  be  supporteci  in  a  single  fligtit. 


5.  SCIK.NTIHC  DMA  AM)  SDPPOKT  DATA  RK.(,)l!IKF.MKM'S 


It  is  consideretl  essential  to  minimize  the  S'I'S  crew  workload  and  also  that  of 
Earth-based  telemetrv  sites.  This  last  point  means  lhat  all  the  data  resulting  from 
the  experiments,  plus  some  housekeeping  information,  must  he  recorded  on-board. 
Magnetic  tape  recording  is  presentlv  the  best  method  to  accomplish  this  oh iin  t ice. 
The  obvious  result  of  these  i-onsiderations  is  that  the  tape  recording  scstem  (one 
recorder  or  morel  is  one  of  the  most  important  subss’stem.s  to  be  installed  on  the 
platform.  Selection  of  a  flight-approved  tape  recoriler  system  is  probable  the  first 
item  to  be  considered  when  designing  our  space  platform.  Direct  liigital  or  analog 
recording  choices  retiiains  undetermitied  at  this  time. 

Major  considerations  are  total  recording  i-apabilitv  and  power  absorption.  U 
is  extremely  diffii-ult  to  establish  theoretically  the  data  storage  capacity  needed 
for  a  typical  platform  mission,  hut  it  is  ftossible  to  reach  some  reasonable  numeri¬ 
cal  \'alues  by  extrapolation  from  the  Soun<ling  Hockei  Experiments.  Engineering 
judgment  based  on  pre\  ious  experienci'  should  provide  a  reasonable  starting  point 
for  the  overall  design. 

A  typical  16 -min  rix-ket  flight  generates  data  wdiich  arc  recorded  on  one  track 

)f  tape  9200  ft  long.  These  data  include  housekcefiing  data,  and  amount  to  approxi- 
n 

matclv  2‘10  bits  i.>f  information.  Hv  engim'ering  ludgment  it  seems  desirable  to  be 
able  tt)  store  at  least  10  titnes  the  above  amount,  that  is,  a  total  of  approximately 
2M0  bits.  This  w<juld  allow  the  ftlatform  to  support  experiments  with  fairlv  fast 
lata  ecjUection  (2  M  bitsfse<')  for  ig)  to  160  tnin  of  aetive  measuromen! s .  Different 
reeording  mctliods  (direet,  DCM.  IlDDH)  mav  be  useil,  but  at  this  point  oniv  tin.' 
'otal  storage  capacity  is  of  interest.  'J'his  Vitlue  of  2*10^^  bits  as  an  ostim:ate  for 
total  storage  capacity  is  compatible  ivith  existing  'lata  recorders;  thei'etore,  it  can 
he  accepteti  as  a  reasonable  starting  point. 


6.  .'<1  (iDF.STFD  DATA  .MOUAGF  SY.STFM 

Seyi’ral  different  methods  could  be  applied  in  principle  to  [movide  our  storage 
capacity  of  2- 10^*^  bits.  Conventional  HAM  chips  or  bublilc  memory  idiips  could  be 
used,  but  their  capabilities  are  fjresenllv  too  limited.  Dubbli'  i  lemorv  chips  ol 
1  Mbit  capacity  exist,  but  it  is  idearlv  not  practical  to  ass<  mhle  a  niemnrv  unit 
liaving  20,000  ciiips.  Higher  lensitv  i-hips  mav  liecorn-  availalilc,  liui  not  in  'he 
near  future.  Optical  recording  has  the  potential  for  high  ca|)aciiv,  hut  presently 
It  is  not  a'.- ail  able  as  a  developed  naekage.  Some  coicnanicc  (for  e\uiiide.  Sling  ir' 
Assoeiatesi  are  presently  levelo[>ing  ontieal  storage  whii  li  will  imolvc 

a  urate  positioning  of  laser  heaiiis  on  1  he-  recon  line  •  ,■  iiim  .  |  no’  ,i  n.cc'j  inic  d 


o:'  ii'  A  ,  '.''ii-S).'  s  si’c;;.  si;:.ilai'  to  rr.agnetio  tajjf  oi-  ,iisk  recorders; 

•  iic re  fore,  i:  is  reason. ibli-  to  expert  siitiilar  liinitations,  at  least  tor  the  near 
aiiure. 

This  lea\es  rnaonelie  stoinie,.  as  the  logical  method  to  be  considered.  Disk 
-etracc  can  be  aiiicklv  ruled  out.  again,  tor  its  too  small  capacitv:  a  tvpical  8-in. 
'Ionov-  iisk  car  store  tiji  to  Id  .Mbits,  while  8-in.  tVinehester  drives  can  store  up 
■o  16(1  Mbits,  .vliicli  is  nuich  too  little. 

l  ias  elir  ination  nroi-ess  Imives  the  magnetic  tafie  recorders  as  the  onlv  prac- 
'!,  i!  •:  etho  I  :'.ir  our  (>i.’r!)oses. 

Sevin'  il  '  on  n.inies  are  nresimtlv  olTering  spai'e  fliglit  rated  tape  recorders, 
an.  i  '  e;  ,■  are  als"  ic.  eloriing  new  models  whicdi  are  definitely  of  interest  for  our 
So  e  ■■  1  i.i’  iirn  anpliea'ion.  Consiueration  has  been  given  to  the  following  manu- 
i  ona  rs:  Oie'ie-..  b't'.A,  L.oeklieed.  Honevwcll,  Ampex,  ElMl,  and  Bell  and  Howell. 
In'orn  a'ion  on  'iieir  r'-v  o;-  lers  is  t'eportetl  here: 

I  )  l.ej  ■- 


I'd  1  !|  IS 

(iM'li) 

iMotlel  DIXS  6000 

p:c 

■fotal  S 

! orage : 

d.d  in'"  bits 

Total  Storage: 

7 , 5-  10  bits 

Heco. 

Hces: 

1  -dd 

Mbits  see 

Record  Rate: 

50  Mbits / sec 

lie  -or 

Snee  is: 

>  .  1  • , 

)  I'd  in.  sii< 

I'lecord  Speed 

7  5  in.  /sec 

fane  1 

eiigtii: 

■doo 

■t 

Tape  Length: 

0200  ft 

1  ).ita  '1 

ra.'ks: 

di 

Data  Tracks: 

88 

1\  1  -i  nr. 

1  u\  er : 

()5  -  V,  r 

W 

Record  Power: 

150  W 

Stan. ill- 

■  Power: 

d(;  u 

Standby  Power: 

80  W 

Pri.'e; 

opi'i 

O 

5 

o 

Price: 

.‘Xpprox  $2,  000,  000 

nius 

dOii,  000  for 

including  sealed 

Seale 

1  pressure 

pressure  vessel 

\esst 

1 

()  le'i  s  is  pri-s.'utlv  developing  a  tvw  unit  capable  of  recordijig  a  1  IMbit/sec 
■’  hr  on  or.e  hanmd.  Fouer  absorption  apttrox  75  W.  Price  in  the  $100,000 
:  inge.  I ).  "velopn  ;  eiit  litne;  Appr’ox  J  vmirs. 


H(.  A 


irijng  lei.elo;)’  nut  ol  a  III  a  snacc  rated  model  (ready  in  d4  to  80  months) 
r,_  '.lie  I'olloaing  i ■in r  ti ■; e ri si i .-s : 
fotal  Stor'age;  lo'*^  bits 

i'.ono  ft 

Id  signal  ■  4  DDAC 
0.  5  -  dO  Mbits  'see 
4  5  -  50  \V 
Apitrox  .?500,  000 


1  ane  1  .eiigtii: 

I  )  1'  a  I  inai  Sv; 

({'■  Of  f  Ifire; 

H I  'CO  r  1  Po  11'; 
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1,  I  A!  ■  i; 

1  .)Vi! 

1{.-.  ir  1  i:  : 

I  ;U)'  i: 

iVUM 

R.'  ;  : 

Sta;^  liiv  I’ovv  a!-: 
I'f!'  '  M-  !  ll'Mt: 

i  MP.l’a; 


1  11  t.>  Jii  Ai!.!'  -  a.-.- 
i  !i  1 '  I  rjl^  i n.  /  a* ■  ■ 

;!-4  (in  iH-u  ■  Icaitjn  ) 

L!“.  U  (i-at) 

r>  U  (es’l 

.-\[iprii>;  sl,f)()0,0()() 
Annra  -;  >7^0.  (100<-anl! 


I'ri  •:  a v  in-  I'nvni’  i(  or  it-ri’ii 

(  nil  ! sn  ill-  I.  t.'iiii'  ■rii'.:a)'  In-  mir  uvi'  j. 


M  I  i"!  Aiarl;  \  II! 
i  o'  al  So  ’  laiL''  ■ : 
Ho'-oi'  i  Halo : 
rU!)'-  Sl')'’Otl; 

Data  Ti-ai-ka; 

1  lonaokoopin  _■ 

1  I'aoks : 
i’owof: 

I’floo; 


li:  looelupn ■  on; ) 

V.  id”''  hits 
I  p  to  Itlfi  M  'iiils  / 

I.  p  to  1  no  in.  'so, 

J. 

1 

1.70  \v  os: 
I’nknowii  n:  Hits 


'  in 

I  !f\-olnpi;a  n! 

'l  ino':  i  V 


i  1'  'tlos-'A  ol  I 
.-.io  lel  10  1 

I'isMniaio.i  '!  otai  .Sionao'-:  O'  lo”'  hits 

I  aim  l,ont.'th:  "-’OO  It 

Pata  •I'l-aok;-:  20 

Powof:  -HiO  W 


riii.s  la'oofiiof  is  not  t'lio'ht -fateO.  also  it  fe‘.|uiros  inoi-e  power  than  luiits  made  by 
ither  manuraoturofs.  llonevwell  i.s  p  l•<.‘.sentlv  developing  a  ruggedizetl  recorder  for 
III’  Saw.  Some  inlcrinat  ion  on  it  will  be  available  in  Septetnber  1982. 

Ill'll  and  tlowell 
Model  M.AHS  142H 


K.stiniated  .storage  density: 
Data  'I  raok-s: 

Tape  Length: 

Total  Storage: 

Hevord  .Speed.s: 

Record  Power: 

Heater  Power: 

Price: 


16.  6  KBit/in. 

28 

9200  ft 

5-  10*®  bits 

1.  875  to  60  in.  / sec 

125  W  (including  electronics) 

300  W  (not  always  needed) 

Approx  $  150,  000 


.Anipex 

No  recorder  directly  available  for  space  flight.  It  appears  that  Ampex  is 
■ooperating  with  Odetics  in  the  field  of  recorders  for  space  applications. 

KMl 

No  recorder  available  for  space  flight. 


II 


Again,  engineering  judgment  must  be  exercised  to  formulate  a  reasonable 
suggestion  of  a  tape  recording  svstem.  The  following  characteristics  are  highly 
desirable: 

(a)  Low  power  absorption, 

(b)  \'ariable  speed, 

(c)  Two  distinct  recorders  (to  enhance  reliability), 

(d)  Reasonable  price. 

It  seems  that  the  most  balanced  design  at  this  time  consists  of  a  system  made 
up  bv  two  Bell  and  Howell  MARS  1428  recorders.  Two  recorders  rather  than  one 
allow  longer  experiments  and  in  the  case  of  one  recorder  failing,  the  second  one 
prov'ides  storage  for  part  of  the  experiment.  These  recorders  can  be  switched  on 
and  off  so  that  only  one  at  a  time  has  to  be  active.  One  or  two  tracks  on  each 
recorder  mav  be  used  for  error  cori'ection,  with  a  corresponding  reduction  of  total 
storage. 

This  tvpe  of  recorder  requires  power  on  (in  STOP  mode,  power  approx  55  VV) 
for  takeoff  and  landing  of  the  S'l'S,  in  order  to  avoid  damage  to  the  tape.  While  the 
energy  consumption  is  negligible,  there  is  the  need  of  additional  circuitry  to  turn 
on  and  off  the  recorders  at  the  right  time. 

The  required  power  is  rather  high  but  the  recorder  is  proven  and  relatively 
inexpensive.  The  selection  of  the  Bell  and  Howell  MARS  1428  is  valid  only  at  this 
time,  since  several  manufacturers  are  presently  developing  recorders  worthy  of 
consideration.  Therefore,  at  design  time,  it  will  be  necessary  to  reconsider  the 
retvtrder  selection,  cliet.king  again  the  various  units  tlien  available. 


7.  xn  rn  oi  com koi,  ( acs) 

This  platform  is  designed  to  be  a  support  systen.  for  a  vast  set  of  scientific 
expcritnents  of  different  duration  and  pointing  requirements.  Typical  desirable 
properties  are: 

(a)  Pointing  (irift  in  10  min  <  5  sec  of  arc, 

(b)  Outgassing  as  limited  as  possible, 

(c)  Number  of  pointing  maneuvers  =  5  per  orbit, 

(rlt  Repositioning  error  •'  20  min  of  arc. 

Specifications  of  this  orrier,  particulaidv  low  drift,  require  a  rather  elaborate 
active  AC'S.  P  is  (dear  that  in  order  to  have  low  drift,  a  good  quality  inertial 
reference  is  required.  The  "tuned  restraint"  gvro  systems  typically  can  have  drift 
less  than  6  min  if  arcthr;  therefore,  this  type  of  inertial  reference  seems  adequate 
when  used  in  conne.  tion  with  an  accurate  star  tracker.  I..asor  gyros  are  presently 
becoming  available  and  should  be  considered  at  final  design  time.  Another  tvpical 


mode  of  operation  is  target  tracking  with  pointing  on  'r  signals  <ieliverod  bv  the 
scientific  instruments.  This  tracking  iiiav  be  required  bv  some  experiments  and 
should  also  be  considered  when  designing  the  overall  ACS.  It  has  to  be  taken  into 
account  that  any  practical  inertial  reference  re<iuired  to  operate  through  si-ven  davs 
must  be  periodically  realigned  to  an  absolute  reference.  A  star  tracker  can  be 
designed  to  perform  this  job,  anti  it  appears  from  the  techtiical  literature  (HCA 
Technical  Communications,  for  example)  that  the  design  of  this  functional  sequence 
has  been  successfullv’  implemented.  Therefoi-e,  no  unusual  technical  difficultv  is 
expected. 

The  repeated  pointing  maneuvers  and  the  minimum  outgassing  r-equi rements 
dictate  the  use  of  reaction  wheels  for  most  of  the  matieuvering.  This  techniijue  also 
is  well  established  and  offers  no  technical  sui-prise.  Together  with  the  reaction 
wheel  subsvstem  there  is  need  of  a  momentum  desaturation  subsvstem,  like  gas 
jets  or  magnetic  field  torquers.  Both  momentum  desaturation  methods  involve 
proven  technologies.  Clas-iets  are  quick  acting  ami  recpiire  reaction  gas;  magnetic 
field  torquers  dci  elop  small  torques,  therefore  are  slow  in  action  ami  require  elei'tric 
enorgv,  but  no  gas.  This  [iropertv  is  highlv  desirable,  but  their  small  torque  mav 
be  a  serious  drawback.  The  residual  tumbing  of  the  pbitform  wlien  released  in  orbit 
by  the  Remote  Manipulator  Svstem  is  probablv  verv  small  (this  estimate  should  be 
checked  with  N.ASA);  tiowever,  the  .listurbam-e  torcjues  On  the  platform  probably  are 
rather  high,  particularlv  the  aerodvnamic  tor(4ues,  given  the  low  altitude  of  the 
flight. 

These  considerations  probablv  force  selecting  a  gas-jet  svstem  rather  than  a 
magnetic  field  torque  svsteii!.  In  order  to  be  able  to  estimate  the  gas-jet  svstem 
activitv,  a  rather  (ietailed  analysis  of  the  disturbance  torques  should  be  lione.  This 
in  turn  can  onlv  be  done  after  the  mcchanic:al  design  is  completed. 

In  tonclusion,  our  ACS  must  include  the  following  subsystem: 

(a)  3 -axis  stable  platform, 

(b)  Star  tracker, 

(c)  Clas  jets, 

(li)  Reaction  wheels. 

The  entire  set  of  these  subsystems  is  necessary  for  high -accuracy  pointing  in 
a  long  flight.  No  additional  manouvx'ring  capability  is  planned  at  this  time:  the 
shuttle  will  take  care  of  placement  in  orbit  and  ret:overy  of  the  platform. 


«.  SYSTKM  POWF.R  KF.Ql  IKKMKM' 

d'his  standard  (datform  is  designed  to  support  manv  di f fe rent  experiments, 
therefore,  it  is  not  possible  to  ftreilict  the  exaid  energy  requirements  for  anv 
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possible  mission.  However,  it  is  po.ssihle  to  e.stii'eil' 
keepint;.  Here  it  is  in  some  detail. 


ACS 

28  W 

C  intinuous 

Star  Tracker 

14  W 

Continuous 

Reaction  Wheels 

25  W 

Continuous 

Tape  Recorder 

125  W 

When  Recording 

Tape  Recorder 

0  W 

On  Standby 

On -Hoard  Electronics 

25  W 

Continuous 

Contingency 

2  W 

Continuous 

Total  estimated  energv  Tor  24  hours,  with  onlv  2  hours  of  recorder  operiiiiot;; 

(28  •  14  •  25  •  25  ■  20)  ■  24  •  125  •  2  =  2088  Wh  =  Approx  8  KWh  . 

Every  hour  of  additional  recording  requires  125  Wh  more. 

Notitte  that  the  above  figures  are  rather  rough  estimates  of  the  powx'r  re'.(uire- 
ment.  .At  design  time,  a  revision  of  these  values  is  imperative.  It  is  eli>ar  that 
it  is  desirable  to  reduce  as  much  as  possible  the  power  consumption  of  the  con¬ 
tinuously  running  subsystems,  even  at  the  expense  ol  some  redesign.  'I'his  point 
should  be  considered  carefully  at  final  design  time. 

The  suggested  type  of  tape  recorder  requires  power  (55  W  per  recorder)  applied 
during  STS  takeoff  and  landing.  It  appears  possible  to  apply  this  power  autoi'iiati.- - 
ally,  using  accelerometers  to  close  a  time  switch. 

If  these  accelerometers  are  sensitive  enough  to  operate  during  deployment  in 
orbit  and  retrieval,  no  harm  is  done;  only  a  small  amount  of  electrical  energy  is 
lost.  A  small  separate  power  supply  (perhaps  Ni-Cd  batteries)  is  required  to  supply 
flower  to  the  Test  Controller.  The  related  energy  requirement  is  very  small  (at 
most  a  few  Wh)  and  poses  no  problem  whatsoever.  .Another  separate,  very  small 
power  supply  may  be  used  to  energize  the  system  clock,  in  order  to  have  a  stand¬ 
alone  time  source.  A  small  lithium  battery  probably  will  suffice  for  a  very  long 
time  (thousands  of  hours). 


9.  .SI OOESTEI)  POWKR  SYSTEM 

Different  types  of  energy  souri'es  have  been  considered.  They  are  li.sled  below; 

(a)  Lithium  Cells  -  Non  rechargeable,  high  energy  per  unit  mass 
I  800  \\  h/kg', 

(b)  Lead  .Acid  -  Hechargeable,  medium  energy  ficr  unit  mass 
(40  Wh/kg), 
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(c)  N'ickel-Cadnuum  -  Kechargeable.  medium  energy  per  unit  mass 
(40  \Vh/kg), 

(d)  Solar  Cells  -  Virtually  unlimited  energy,  low  or  moderate 
txjwer  levels.  Rather  complicated  mechanical  installation, 

(e)  Fuel  Cells  -  Possible  weight  advantage  over  rechargeable 
batteries.  Expensive  and  critical  in  operation, 

(f)  Silver-Cadmium  and  Silver-Zinc  Cells  -  Rechargeable, 
high  energy  per  unit  mass  (up  to  160  VVh/kg>.  Data  from 
two  manufacturers  (Yardney  and  Eagle-Picner )  indicate 
that  they  are  available  packaged  as  batteries,  rated  for 
space  flight. 

Since  tlie  total  energy  needed  per  each  mission  is  relatively  limited,  solar 
.  ells  and  fuel  cells  niav  be  ruled  out,  considering  their  mechanical  complication 
an  1  high  cost.  It  is  practical  to  expand  the  technique  used  in  many  sounding 
rockets,  that  is,  to  use  rechargeable  batteries  as  power  source. 

Rechargeable  batteries,  compared  with  non-rechargeable  ones,  offer  the  ad- 
\  antage  of  allowing  repeated  tests  of  the  entire  system  (platform  plus  experiment) 
before  launch,  without  replacement  of  the  batteries  themselves.  Their  use  is 
considered  the  best  i  lioice  for  our  application. 

It  appears  that  the  weight  advantage  of  the  Silver-Zinc  cells  dictates  the  use 
if  this  type  of  power  source,  when  compared  with  the  various  different  possible 
alternatives.  Silver-Zinc  cells  develop  a  limited  amount  of  gas  (Hg  and  ©2)  during 
discharge;  therefore,  thev  arc  vented,  but  the  battery  container  may  be  sealed. 

\  enting  space  has  to  be  provided  inside  the  battery  container,  and  a  safety  vent  is 
installed  on  the  container  itself  to  protect  it  in  case  of  abnormal  development  of 
gas.  A  manufacturer  (Eagle-Picher)  claims  that  it  has  succeeded  in  eliminating 
•he  hydrogen  act  umulation  .n  a  sealed  batter  container  by  having  the  hydrogen  used 
up  and  convorteil  into  water  bv  a  nickel-hydrogen  cell  located  inside  the  same  sealed 
container.  This  technique  or  some  equivalent  one  is  highly  desirable,  in  order  to 
r  educe  the  chance  of  hydrogen-oxygen  explosions. 

The  energy  density  of  160  \\  h/kg  has  been  used  in  the  following  estimates. 

This  value  refers  onlv  to  the  cell  mass  (without  container). 

.Applying  the  above  indicateii  energy  figures  it  results  that  24  hr  of  operation, 
inr  luding  2  hr  of  recording,  require  a  cell  mass  of  approximately  19  kg  (41  lb) 
olus  an  adflitional  0.  0  kg  1  1.  15  lb'  for  each  hour  of  additional  recording. 

Idle  cstimateil  tfital  mass  for  a  7  -day  niission,  with  a  total  of  14  hr  of  recording 
is  approximately  129  kg  (2.  85  lb).  The  mass  of  the  battery  sealed  container  has  to 
lie  added  to  this  figure. 

.Notice  again  that  this  estimate  does  not  include  energy  for  the  experiments. 


10.  SOMK  MF.(.H\M(.AI,  DKTAll.S 


The  !!uv  hnniv  al  l  oiiriyuration  of  our  platforiii  is  e.'itrenielv  important  for 
!!;,uiv  obvious  ’'oasotis.  Hore  are  a  few: 

(a)  S  TS  t'otiifiaiibilitv  -  Our  platform  must  be  loaded  into  the  STS  payload  bay, 
!lieti  deplovod  in  orbit  and  later  retrieved  fi-om  orbit.  After  landing  of  the  STS,  our 
[ilatform  must  be  removed  easily  from  the  STS  payload  bay.  Orbital  deployment  and 
retrieval  require  tiie  existence  of  a  mechanical  grapple  fi.xture  to  be  utilised  by  the 
Remote  .Manipulator  Svsteiii  of  tiie  STS.  A  support  pallet  attached  to  and  remaining 
in  tlie  STS  pavload  bav  is  verv  likely  necessary. 

(b)  F-.’/n  i romnental  t'ontrol  -  Pressurization  must  be  supplied  to  the  tape  re¬ 
corders  and  possible  to  tlie  electronic  circuits.  Temperature  control  is  necessary 
for  tlie  tape  recorders  and  tlie  batteries  and  possibly  also  for  the  electronic  cir¬ 
cuits.  A  form  of  temperature  control,  active  or  passive,  is  needed.  It  seems  at 
this  point  that  iiassive  temperature  control  may  be  realized  by  enclosing  the  whole 
platform  into  a  thermally  conducting  shell,  painted  on  the  outside  with  an  appro- 
firiate  white/black  pattern  and  properly  insulated  on  the  inside.  The  scientific 
instruments  niav  be  located  in  a  compartment  open  to  space  and  separate  from  the 
support  equipment  compartment. 

(c)  Rasy  .Accessibility  -  It  is  highly  desirable  to  be  able  to  replace  defective 
units  even  a  short  time  before  take-off.  This  point  does  not  lead  to  any  preferred 
configuration,  but  must  bo  kept  in  mind  at  every  stage  of  the  final  design, 

(d)  Testing  -  .Attention  should  be  given  to  laboratory  testing  of  the  entire  unit. 

A  specially  designed  mechanical  support  system  should  be  available  for  extensive 
dynamic  testing  of  the  entire  platform  and  particularly  its  ACS,  offering  three-axis 
freedom  of  motion  without  (or  almost  without)  friction.  A  good  dynamic  test  pro¬ 
gram  for  the  platform  should  simulate  all  the  events  that  it  will  see  in  a  single  flight; 
therefore,  this  test  system  should  be  capable  of  operating  for  up  to-seven  days  with¬ 
out  interruption.  The  platform  test  mode  and  its  operational  mode  should  be  acti¬ 
vated,  the  ACS  should  work,  the  recorders  activated,  and  so  on. 

(e)  Launch  charge  on  STS  is  determined  by  payload  size  (in  the  bay  length 
direction)  and/or  weight.  Minimum  length  of  bay  available  is  3.5  ft  and  maximum 
weight  per  foot  is  1000  lb,  for  a  standard  charge.  Therefore,  it  is  likely  that  the 
space  platform  would  assume  the  shape  of  a  cylinder  or  nest  of  cylinders  3.  5  ft  in 
diameter,  spanning  the  bay  and  weighing  approximately  3,  500  lb. 
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1 1.  PROPOSKD  SF.Ql  OK  KVF.M'S  IN  A  KI.ICIIT 


(a)  Platform  is  tested  extensively  on  ground  after  installation  into  S  I  S. 

(b)  During  STS  takeoff  recorders  are  automatii  allv  energized  iti  STOP  mode. 
Accelerometers  determine  the  e.xact  turn-on  an<i  turn-off  instants.  No  ercu  action 
is  required. 

(c)  When  STS  is  in  orbit,  its  crew  does  the  following: 

1.  Bv  radio  link  cdoses  switi-h  1  for  system  test. 

Platform  responds  YDS  or  NO. 

2.  After  YDS  response,  crew  releases  meehanieal  lateli, 
then  by  Remote  Manipulator  deploys  platform  iti  orbit. 

d.  When  platform  is  released  and  off  Remote  Manipulator, 
crew  by  radio  link  (  loses  switch  2,  slartine  e\|)eriinent  . 

(d)  The  retrieval  from  orbit  is  done  as  follows: 

1.  Bv  radio  link,  STS  crew  closes  switch  d  inrninc  <'IT 
all  systems  and  discharging  residual  AOS  gas. 

2.  Bv  Remote  Manipulator,  crew  retrieves  platform 
and  secures  it  on  pallet. 

3.  Pallet  mechanical  latch  is  automatically  or  manuallv 
latched. 

(e)  Power  is  automatically  supplied  to  recorders  in  S  TOP  mode,  lor  reenlrv 
and  landing.  No  crew  action  is  required, 

12.  TEST  AND  EXPERIMENT  MODES 

It  is  possible  at  this  point  to  draw  simple  block  diagrams  of  the  automatic  test 
and  experiment  modes  of  operation.  Pigures  1,  2,  and  d  show  these  block  diagrams. 

The  Test  Mode  is  activated  bv  means  of  a  remotelv  controlled  switch  which 
resets  and  starts  the  Test  Controller.  This  mode  is  available  for  repeated  tests. 

A  diagnostic  message  for  each  tested  unit  will  be  issued,  as  a  debugging  hel|)  lot- 
ground  tests.  The  same  Test  Mode  will  (irovide  the  SI  S  operator  with  a  YDS  or  NO 
message.  Eventually,  after  observing  the  Yl-lS  message,  the  STS  o()crator  will 
deploy  the  platform  in  orbit  and  then  initiate  the  Kx|)erimcnl  .Mode  bv  remotelv 
(  losing  a  separate  switch.  The  Test  Mode  o|)eration  is  [tlanned  as  follows: 

(a)  Software  issues  sequentially  to  t’o'd  0  different  test  codes,  in  order  to 
activate  test  mode  in  each  unit  t(^  be  tested.  .Afif)ro|)riat(-  time  delays  ari-  provided. 

(b)  Hardware  decotier  activates  test  mode  in  unit  corresponding  to  lest  code. 

(c)  Each  unit  performs  test,  then  issues  reponse  to  corresfionding  port. 
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The  Kxpefinu'tU  Mode  is  activated  l)v  a  separate  reieolelv  coin  rol  le<  i  switch. 
A  sequencer  turns  on  tlie  various  units  and  tlie  experinienls  at  the  apinonriaic  tn 
A  clock  is  deaitjned  into  the  svstiuii  and  its  output  is  use. I  to  aivc  a  r'  icrcncc  lo 
the  sequeticer  and  to  the  recorders. 


l  ipure  2.  Dettiiled  Handshaking  Test  .Mode 
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I’fi'liii'.inarv  Stiuiv  I'oni-ffits 

I'i'asihiUlv  Stmlv 

I’roruM'rnenl 

Pfol  im  i  nai’v  I  Jesiyn 

NASA  Iriti'i'l'ace 

StuiilN'  Integfation 

l)i'sien  Hi'viow 

'lechriiial  Design  Hevirw 

I'l-eeze 

l-'abi'icatc 

Inti.'Cfatc  and  TrSt 

Hnadiness  licvintt 

This  paniT  fi'pnrts  the  i-'rolintintu-v  Siudv  conaepts  and  ijetdns  to  devcdon  tlie 
i-'ctis i lii  1  il V  Studv.  'I'hi'  remaining  stcfis  should  he  <-s;e'a>ted  in  ondet-  to  at-t'i'.i'  tit 
a  workinu  model  in  a  ncasonahle  time,  p(-chaps  as  soon  as  I'dln. 
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